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Aim. To evaluate the effects of canrenone compared to placebo
on blood pressure control, some non-conventional biomarkers
in cardiovascular stratification, and on metalloproteinases in
patients affected by metabolic syndrome.

Methods. A total of 156 Caucasian patients were treated with
placebo or canrenone, 50 mg once a day, for 3 months and then
50 mg twice a day, till the end of the study.

We evaluated: systolic (SBP) and diastolic blood pressure (DBP),
body weight, body mass index (BMI), fasting plasma glucose (FPG),
lipid profile, plasma aldosterone, creatinine, potassium, brain
natriuretic peptide (BNP), metalloproteinases 2 and 9 (MMP-2
and -9), lipoprotein (a) (Lp(a)), and serum myeloperoxidase
(MPO).

Results. We observed a significant decrease of SBP and DBP in
the canrenone group compared to baseline. Canrenone gave a
significant decrease of MMP-2 and -9, Lp(a), and MPO compared
to baseline, not observed with placebo. Plasma aldosterone, but
not BNP, decreased with canrenone, both compared to baseline
and to placebo.

Conclusion. Canrenone seems to be effective in reducing blood
pressure in patients with metabolic syndrome. Moreover, can-
renone seems also to improve MPO, Lp(a), and metalloproteinases
in these patients.
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Introduction

Several studies have demonstrated that physical exercise reduces
blood pressure levels in hypertensive subjects and improves
control of several well-known risk factors for atherosclerosis such
as diabetes mellitus, blood lipid profile, and obesity (1). Due to
reduced physical activity, the incidence of metabolic syndrome
is high and increasing. Metabolic syndrome refers to a constella-
tion of disturbances including glucose intolerance, central obe-
sity, dyslipidemia (hypertriglyceridemia, elevated non-esterified
fatty acids (NEFAs), and decreased high-density lipoprotein

Key messages

o Canrenone decreased blood pressure.

e Canrenone gave a significant decrease of
metalloproteinase-2 and -9.

e Canrenone decreased lipoprotein(a) and
myeloperoxidase.

(HDL) cholesterol), and hypertension (2). It is well established
that it increases the risk for the development of cardiovascular
disease, type 2 diabetes, and cancer (3,4). Recent studies have
been confirming the positive association between obesity indices
and inflammatory markers, mainly C-reactive protein, in women
(5), but also other inflammatory markers, both in women and
men (6,7). In a previous study we conducted, we showed that
lipoprotein (a) (Lp(a)), soluble advanced glycation end-products
(sRAGE), soluble CD40 ligand (sCD40L), and serum myeloper-
oxidase (MPO) are associated with hypertension and may
represent an increased risk for cardiovascular diseases (8).
Also arterial stiffness seems to play a role: in subjects with
ischemic stroke and metabolic syndrome, pulse wave veloc-
ity was significantly and positively correlated with body mass
index, systolic blood pressure, hypertension, diabetes, glucose
blood levels, low density lipoprotein (LDL) cholesterol levels,
total cholesterol levels, microalbuminuria, carotid plaque,
and previous brain infarct at neuro-imaging (9). Miner-
alocorticoid levels and activation of mineralocorticoid recep-
tors are increased when metabolic syndrome is diagnosed
(10), and this might be in part responsible for the increased
cardiovascular risk in these patients (11,12). For this reason,
mineralocorticoid receptor antagonists can have a positive effect
on blood pressure. Two generations of mineralocorticoid receptor
antagonists are currently available: the first generation includes
spironolactone and canrenone, while eplerenone is a second-
generation mineralocorticoid receptor antagonist, less potent, but
more selective, with no active metabolites and a shorter half-life
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(13). In particular canrenone avoids the formation of interme-
diate products with anti-androgenic and progestational actions,
resulting in a decreased incidence of side effects (14).

The aim of this study was to evaluate the effects of canrenone
compared to placebo on glycemia, blood pressure, and some
inflammatory parameters in patients affected by metabolic
syndrome defined according to Adult Treatment Panel III
criteria (15).

Patients and methods

Study design

This double-blind, placebo-controlled study was conducted at the
Department of Internal Medicine and Therapeutics, University of
Pavia, Fondazione IRCCS Policlinico S. Matteo, Pavia, Italy.

The study was conducted according to the Declaration of
Helsinki and its amendments and the Good Clinical Practice Guide-
lines, and the study protocol was approved by the local Ethical
Committee. Trial registration: ClinicalTrials.gov NCT02064218.

Patients

One hundred and fifty-six Caucasian patients were enrolled.
Patients were >18 years old, of either sex (Table I), affected
by metabolic syndrome according to Adult Treatment Panel I1I cri-
teria (15), naive toany treatment, and in overweight (BMI = 25,and
<30 kg/m?). Exclusion criteria included secondary hypertension
or blood pressure levels = 160/100 mmHg. At the time of enroll-
ment, all patients underwent an oral glucose tolerance test (OGTT)
with 75 g of glucose and glycemia determination at time 0 and
after 120 minutes to evaluate if there was a condition of impaired
fasting glucose (IFG), impaired glucose tolerance (IGT), or type
2 diabetes mellitus. Patients with type 2 diabetes mellitus diagnosis
were excluded. We also excluded patients with a genetic condition
affecting lipid metabolism (e.g. familial hypercholesterolemia, type
III hyperlipidemia, lipoprotein lipase deficiency, etc.), with choles-
terolemia > 240 mg/dL, and/or with triglyceridemia >400 mg/dL.
Patients with a history of microalbuminuria or nephrotic syn-
drome were excluded; impaired hepatic function (defined as
plasma aminotransferase and/or gamma-glutamyltransferase
level higher than the upper limit of normal (ULN) for age and
sex), impaired renal function (defined as serum creatinine level
higher than the ULN for age and sex), or severe anemia (defined
as hemoglobin level lower than 8 g/dL) were exclusion criteria.
Patients with thyroid diseases, history of alcohol or drug abuse,

neoplastic, infectious or inflammatory or autoimmune disease,
or poor mental condition were also excluded. Patients with seri-
ous cardiovascular disease (CVD) or New York Heart Associa-
tion class I-IV congestive heart failure or a history of myocardial
infarction or stroke or cerebrovascular conditions (ischemic stroke,
hemorrhagic stroke, or transient ischemic attack) within 6 months
before study enrollment were also excluded. Women who were
pregnant or breastfeeding or of child-bearing potential and not
taking adequate contraceptive precautions were also excluded.
Suitable subjects, identified from review of case notes and/
or computerized clinic registers were contacted personally or by
telephone. All patients provided written informed consent.

Treatments

According to the study design, eligible patients were divided into
two groups: patients satisfying the Adult Treatment Panel III
metabolic syndrome definition including the blood pressure cri-
teria (BP =130/85 mmHg), and patients satisfying the metabolic
syndrome definition without the blood pressure criteria (control
group) (Table I). The first group was treated with canrenone,
50 mg once a day, for three months and then 50 mg twice a day,
with forced titration, till the end of the study; the control group,
instead, was treated with placebo. Medications were provided by
two doctors that did not know blood pressure values. To maintain
the double-blind study design, a third doctor that did not know
the study, evaluated the blood pressure. Both canrenone and pla-
cebo were supplied as identical, opaque, white capsules in coded
bottles to ensure the blind status of the study. Medication compli-
ance was assessed by counting the number of pills returned at the
time of specified clinic visits. Throughout the study, we instructed
patients to take their first dose of new medication on the day af-
ter they were given the study medication. At the same time, all
unused medication was retrieved for inventory. All medications
were provided free of charge.

Diet and exercise

Subjects were encouraged to follow a controlled-energy diet
(near 600 kcal daily deficit) based on American Heart Associa-
tion (AHA) recommendations (16) that included 50% of calories
from carbohydrates, 30% from fat (6% saturated), and 20% from
proteins, with a maximum cholesterol content of 300 mg/day
and 35 g/day of fiber. Patients were not treated with vitamins or
mineral preparations during the study.

Table I. General characteristics of the patients at baseline and after 3 and 6 months in both groups, and ATP III criteria

of enrollment.
Placebo group Canrenone group
Baseline 3 months 6 months Baseline 3 months 6 months

n 77 75 75 79 78 78
Age (years) 578+6.1 - - 582+6.5 - -
Sex (M/F) 38/39 37/38 37/38 40/39 39/39 39/39
Sm. st. (M/F) 718 7/8 8/7 10/8 9/8 9/8
Weight (kg) 79.9*3.0 79.5+2.8 789+2.4 78.8*3.2 78.5+29 78.1 2.7
Height (m) 1.66 £0.05 - - 1.65 £ 0.05 - -
ATP III criteria

WwC Yes - - Yes - -

SBP/DBP No - - Yes - -

FPG Yes - - Yes - -

HDL-C No - - No - -

Tg Yes - - Yes - -

Data are means * SD.

DBP = diastolic blood pressure; FPG = fasting plasma glucose; HDL-C =high density lipoprotein-cholesterol;
SBP = systolic blood pressure; Sm. st. = smoking status; Tg = triglycerides; WC = waist circumference.
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Standard diet advice was given by a dietician and/or specialist
doctor. Dieticians and/or specialist doctors periodically provided
instruction on dietary intake recording procedures as part of a
behavior modification program and then later used the subject’s food
diaries for counseling. Individuals were also encouraged to increase
their physical activity by walking briskly for 20 to 30 minutes, three
to five times per week, or by cycling. The recommended changes in
physical activity throughout the study were not assessed.

Assessments

Before starting the study, all patients underwent an initial screening
assessment that included a medical history, physical examination,
vital signs, a 12-lead electrocardiogram, measurements of blood
pressure (BP), body weight, body mass index (BMI), waist circum-
ference (WC), fasting plasma glucose (FPG), lipid profile, plasma
aldosterone, brain natriuretic peptide (BNP), metalloproteinases 2
and 9 (MMP-2 and -9), Lp(a), and MPO. In order to evaluate the
tolerability assessments, all adverse events were recorded.

Clinic BP was obtained in sitting position by standard mercury
sphygmomanometer, 24 h after drug intake. Three measurements,
taken at 2-min intervals after 10 min of sitting, were averaged
and used as the clinic BP reference value. Body mass index was
calculated as weight in kilograms divided by the square of height
in meters; WC was measured midway between the lateral lower
rib margin and the iliac crest.

All plasmatic parameters were determined after a 12-h
overnight fast. Venous blood samples were taken for all patients
between 8 a.m. and 9 a.m. We used plasma obtained by addition
of Na,-ethylenediamine tetra-acetic acid (EDTA), 1 mg/mlL,
and centrifuged at 3000 g for 15 minutes at 4°C. Immediately
after centrifugation, the plasma samples were frozen and stored
at —80°C for no more than 3 months. All measurements were
performed in a central laboratory.

Plasma glucose was assayed by glucose-oxidase method (GOD/
PAP, Roche Diagnostics, Mannheim, Germany) with intra- and
interassay coefficients of variations (CsV) of <2% (17).

Total cholesterol and triglycerides levels were determined using
fully enzymatic techniques (18,19) on a clinical chemistry ana-
lyzer (HITACHI 737; Hitachi, Tokyo, Japan); intra- and interassay
CsV were 1.0 and 2.1 for total cholesterol measurement, and 0.9
and 2.4 for triglycerides measurement, respectively. High-density
lipoprotein cholesterol level was measured after precipitation of
plasma apoB-containing lipoproteins with phosphotungstic acid
(20); intra- and interassay CsV were 1.0 and 1.9, respectively.
LDL-C level was calculated by the Friedewald formula (21).

Aldosterone was measured with a radioimmunoassay kit
(Coat-A-Count, Diagnostic Products Corp., Los Angeles, CA, USA);
intra- and interassay CsV were 5.3% and 8.4%, respectively (22).

Plasma BNP was measured using the fully automated Access
platform (Triage BNP reagents, Access Inmunoassay Systems, REF
98200; Beckman Coulter, Inc., Fullerton, CA, USA). The intra- and
interassay CsV for BNP were 4.2% and 6.3%, respectively (22).

Metalloproteinase-2 and MMP-9 levels were determined by a
two-site enzyme-linked immunosorbent assay (ELISA) method
using commercial reagents (Amersham Biosciences, Uppsala, Swe-
den). The intra- and interassay CsV for measuring MMP-2 levels
were 5.4% and 8.3%, respectively (23). The intra- and interassay CsV
to evaluate MMP-9 levels were 4.9% and 8.6%, respectively (24).

Lipoprotein(a) was measured by a sandwich ELISA method that
is insensitive to the presence of plasminogen, using the commercial
kit Macra-Lp(a) (SDI, Newark, DE, USA); the intra- and interas-
say CsV of this method were 5% and 9%, respectively (25,26).

Myeloperoxidase was assessed using commercially available
ELISA Kkits according to manufacturers instructions (R & D
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Systems, Minneapolis, MN, USA). The intra- and interassay CsV
were 7.7% and 8.3%, respectively (27).

Safety measurements

Safety monitoring included physical examination, vital sign
assessment, weight, electrocardiogram, adverse events, and
laboratory tests. Kidney function was evaluated by measurement of
creatinine and potassium, and all adverse events were recorded.

Oral glucose tolerance test

All subjects drank a glass of water (200 mL), in which 75 g of glu-
cose had been dissolved over a period of 5 min in the morning,
between 8 a.m. and 9 a.m. after a 12-h fast, and after dietary assess-
ment to ensure a carbohydrate intake > 150 g/day over the previous
3 days (28). Normal physical activity was allowed over the previous
3 days. No smoking was allowed during the test. Blood samples
were collected in EDTA-containing tubes (Becton Dickinson,
Meylan Cedex, France) through a venous catheter from an antecu-
bital vein immediately before and at 120 min after the glucose load
for the measurement of the considered parameters of the study.

Statistical analysis

A sample size of 70 patients per group was required to provide
90% power to detect a significant between-group difference.
All patients randomized with at least one post-randomization
measure were analyzed, i.e. intent-to-treat. Continuous vari-
ables were evaluated using a two-way repeated measures analy-
sis of variance (ANOVA). Intervention effects were adjusted for
the presence of potential confounding variables using analysis
of covariance (ANCOVA). ANOVA was also used to assess the
significance of variables, within and between groups. The sta-
tistical significance of the independent effects of treatments on
the other variables was determined using ANCOVA. Statistical
analysis of data was performed using the Statistical Package for
Social Sciences software version 14.0 (SPSS, Inc., Chicago, IL,
USA). All inferential statistical tests were conducted at a sig-
nificance level of 0.05 (two-sided). Variables were presented as
means ¥ standard deviation (SD) (29).

Results

Study sample

A total of 156 patients were enrolled in the study, 79 were ran-
domized to canrenone and 77 to placebo; 153 patients completed
the study. Three patients (two males and one female) did not com-
plete the study and the reasons for premature withdrawal were:
lost to follow-up (one female), and informed consent withdrawal
(2 males). The characteristics of the patients at baseline are shown
in Table I: patients in the placebo group satisfied three criteria
for metabolic syndrome (WC, FPG, and triglycerides), while the
patients in the canrenone group satisfied these three criteria plus
the blood pressure one.

Body mass index and WC

No variations of body weight or waist circumference were
recorded in either group.

Blood pressure

No variation of blood pressure was recorded in placebo group.
We recorded a decrease of systolic and diastolic blood pressure
with canrenone both at 3 and 6 months (P < 0.05, and P<0.01,
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Table II. Characteristics of the patients at baseline and after 3 and 6 months
in the placebo group.

Baseline 3 months 6 months
n 77 75 75
M/F 38/39 37/38 37/38
Height 1.66 £0.05 1.66 £ 0.05 1.66 £0.05
Weight 79.9+3.0 79.5+2.8 789+2.4
BMI (kg/mz) 29.0+0.9 28.8*+0.8 28.6 0.8
WC (cm)? 1094 *+6.4 108.9 =5.8 108.5=5.7
SBP (mmHg) 129.5+4.9 128.9 = 4.1 128.2 3.9
DBP (mmHg) 82.1+3.8 81.9*+3.7 80.7 =34
FPG (mg/dL)? 1159*+5.8 1144 *+5.1 113.8 4.8
TC (mg/dL) 188.6 = 19.1 187.9 = 18.5 185.6 = 17.7
HDL-C (mg/dL) 442 *7.1 43.7+6.7 436 £6.7
Tg (mg/dL)? 188.5+34.2 185.1 =33.9 183.6 =32.8
Creatinine (mg/dL) 0.78 =0.30 0.76 +0.28 0.77 +0.29
Potassium (mEq/L) 42+0.5 4.1+04 44+0.6
Plasma aldosterone (pg/dL) 148.2+22.5 1455*21.9 142.6*21.5
BNP (pg/mL) 49.1 £28.3 48.7 £27.8 48.1 £27.0
MMP-2 (ng/mL) 635.7 =311.5 628.5*+305.4 625.6+302.7
MMP-9 (ng/mL) 50.5*15.7 48.1 = 15.2 47.4*14.8
Lp(a) (mg/dL) 145+9.0 142+88 14.4+89

MPO (ng/mL) 410.1*£151.2 408.8*+149.1 407.4* 1484

Data are means = SD.

BMI = body mass index; BNP = brain natriuretic peptide; DBP = diastolic
blood pressure; FPG = fasting plasma glucose; HDL-C = high density lipo-
protein-cholesterol; Lp(a) = lipoprotein (a); MMP-2 = metalloproteinase-2;
MMP-9 = metalloproteinase-9; MPO = serum myeloperoxidase; SBP =
systolic blood pressure; TC = total cholesterol; Tg = triglycerides;

WC = waist circumference.

3ATP III criteria for metabolic syndrome diagnosis.

respectively). At randomization, and after 3 months, blood
pressure values in the canrenone group were higher than those
in the control group (P<<0.01, and P<C0.05, respectively). No
differences between the two groups were recorded at the end of
the study (Tables II and III).

Fasting plasma glucose

We recorded a FPG decrease after 6 months with canrenone
(P<<0.05 versus baseline), but not with placebo. Fasting plasma
glucose value recorded with canrenone was lower than the one
obtained with placebo at the end of the study (P < 0.05).

Lipid profile

No variations of lipid profile were observed with the excep-
tion of a decrease of triglycerides in the canrenone group after
6 months compared to baseline (P < 0.05) and placebo (P < 0.05)
(Tables II and III).

Aldosterone and BNP

There was a decrease of aldosterone levels after 3 (P<<0.05)
and 6 months (P<<0.01) with canrenone, but not with placebo,
compared to baseline. In group to group comparison, aldosterone
was higher in the canrenone group than in the control group at
baseline, but lower after 6 months of therapy (P <0.05). BNP did
not significantly change during the study (Tables II and III).

Inflammatory parameters

After therapy with canrenone, there was a decrease of MMP-2
and MMP-9 after 3 and 6 months (P<0.05, and P<<0.01, respec-
tively for both MMP-2 and MMP-9), not recorded with placebo. In
group to group comparison, MMP-2 and MMP-9 recorded in al-
dosterone group were significantly higher compared to placebo,
at baseline (P << 0.01 versus placebo), at 3 (P <0.01 versus pla-
cebo) and at 6 months (P < 0.05 versus placebo). Lp(a) recorded
in the canrenone group was higher compared to placebo at base-
line (P<<0.01) and after 3 (P<0.05) and 6 months (P <<0.05).
MPO recorded in the canrenone group was higher than the one
observed in the placebo group at baseline (P <<0.01) and after 3
(P<0.01) and 6 months (P < 0.05).

Table III. Characteristics of the patients at baseline and after 3 and 6 months in the canrenone group.

Baseline 3 months 6 months
n 79 78 78
M/F 40/39 39/39 39/39
Height 1.65 * 0.05 1.65 *0.05 1.65 + 0.05
Weight 78.8+3.2 78.5+2.9 78.1%2.7
BMI (kg/m?) 28.9+1.0 28.8+0.9 28.7+0.8
WC (cm)? 107.8 + 6.0 107.1 5.6 106.9 = 5.4
SBP (mmHg)? 144.1+6.1¢ 135.1 5,504 125.7 £3.4¢
DBP (mmHg)* 90.2 +4.2¢ 87.7 +3.8>d 81.5+ 3.6
FPG (mg/dL)* 117.7+7.4 110.6 6.2 98.2 + 5,004
TC (mg/dL) 186.8 = 18.7 185.1+18.2 183.6+17.7
HDL-C (mg/dL) 43.8+6.8 441+72 44.0+7.1
Tg (mg/dL)* 192.1£37.2 182.4+325 165.5 = 25.4>4
Creatinine (mg/dL) 0.80 +0.32 0.81+0.33 0.80 +0.32
Potassium (mEq/L) 4.0%0.3 42*0.5 44%0.6
Plasma aldosterone (pg/dL) 171.4 = 2854 144.2 £22.1° 113.1 £ 16.5%4
BNP (pg/mL) 48.8£27.7 48.3%27.2 47.9+26.8
MMP-2 (ng/mL) 1328.1 +168.2¢ 1128.5 + 149.6>¢ 986.5 + 127.6%4
MMP-9 (ng/mL) 501.4 + 54.7¢ 414.3 * 47.3b¢ 397.3 + 41.6%4
Lp(a) (mg/dL) 42.3+52.1° 36.5 +45.34 29.3 +36.5%4

MPO (ng/mL) 772.5*251.6¢

754.7 + 243 8¢ 736.1 + 235.6>4

Data are means = SD.

BMI =body mass index; BNP = brain natriuretic peptide; DBP = diastolic blood pressure; FPG = fasting plasma
glucose; HDL-C =high density lipoprotein-cholesterol; Lp(a) =lipoprotein (a); MMP-2 = metalloproteinase-2;
MMP-9 = metalloproteinase-9; MPO = serum myeloperoxidase; SBP = systolic blood pressure; TC = total cholesterol;

Tg = triglycerides; WC = waist circumference.
2ATP III criteria for metabolic syndrome diagnosis.
bP < 0.05 versus baseline.

€P<<0.01 versus baseline.

4P <0.05 versus placebo group.

€P<0.01 versus placebo group.
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Canrenone, but not placebo, decreased Lp(a) and MPO after
6 months of treatment (P << 0.05 versus baseline).

Safety measurement

No significant changes of creatinine or potassium were
recorded.

Discussion

The results observed in our study regarding the effects of can-
renone on body weight, glycemia, lipid profile, and aldosterone
are in line with what was already reported in a previous study we
conducted (30).

The Anti-remodeling Effect of Canrenone in Patients With
Mild Chronic Heart Failure Study (AREA-in-CHF) showed that
treatment with canrenone, given in addition to optimal therapy
in patients with metabolic syndrome and chronic, stabilized
heart failure with reduced ejection fraction, protects against
deterioration of myocardial mechano-energetic efficiency, im-
proves diastolic dysfunction, and maximizes the decrease in BNP
(31). Differently from what was reported in the AREA-in-CHF
trial (31), there were not any variations of BNP levels, but this
is probably due to the fact that patients enrolled in the AREA-
in-CHF trial were affected not only by metabolic syndrome, but
they also had a reduced ejection fraction and a history of heart
failure; patients enrolled in the current study, instead, had not.
Regarding inflammatory markers, we observed that in patients
treated with canrenone, baseline values of MMP-2 and -9, LP(a),
and MPO were higher than in patients treated with placebo.
This can be explained by the fact that patients randomized to
placebo group satisfied three criteria for metabolic syndrome
(WC, FPG, and Tg), while the patients in the canrenone group
satisfied these three criteria plus the blood pressure one. We have
already reported that hypertensive patients had higher levels of
Lp(a) and MPO, and that these parameters can be considered
new emerging biomarkers of cardiovascular risk (8). The same
can be said for MMPs: several studies showed that MMP levels
were higher in subjects with hypertension (32,33). The reduc-
tion of these markers with canrenone can be attributed to blood
pressure reduction, as shown in some previous studies where the
reduction of blood pressure led to a decrease of inflammatory
markers (34,35). However, previous studies also suggested aldos-
terone antagonists to have an early suppressive effect on several
immunoactive and proinflammatory cytokines, as reported by
Sender et al. (36).

Of course the study has some limitations: for example it was
not evaluated if the beneficial effects of canrenone were sustained
after the cessation of therapy. Moreover, in the study only some
surrogate end-points were evaluated; the efficacy of canrenone in
treating the metabolic syndrome should have been better estab-
lished by hard end-point outcomes data such as death, coronary
events, and stroke, which could not be investigated given the
short duration of the study.

However, after an accurate research in literature, this study
is the first to report the effects of canrenone on inflammatory
parameters in patients affected by metabolic syndrome.

Conclusion

Canrenone seems to be effective in reducing blood pressure in
patients with metabolic syndrome. Moreover, canrenone seems
also to improve MPO, Lp(a), and metalloproteinases in these
patients.
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All procedures followed were in accordance with the ethical
standards of the responsible committee on human experimen-
tation and with the Helsinki Declaration of 1975, as revised
in 2008. Informed consent was obtained from all patients for
being included in the study. Trial registration: ClinicalTrials.gov
NCT02064218.
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